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7KHmcr-1 PRELOH FROLVWLQ UHVLVWDQFH  JHQH ZKLFK HQ
FRGHVSKRVSKRHWKDQRODPLQHWUDQVIHUDVHKDVEHHQUHFHQW
O\LGHQWL¿HGDVDVRXUFHRIDFTXLUHGUHVLVWDQFHWRSRO\P\[
LQVLQEscherichia coli8VLQJWKH6XSHU3RO\P\[LQVHOHFWLYH
PHGLXPZHSURVSHFWLYHO\VFUHHQHGSLJVDWIDUPVLQ
3RUWXJDO IRU SRO\P\[LQUHVLVWDQW Enterobacteriaceae DQG
UHFRYHUHG  SODVPLGPHGLDWHG 0&5±SURGXFLQJ LVR
ODWHV0RVWLVRODWHVFRUUHVSRQGHGWRQRQFORQDOO\UHODWHGE.
coli EHORQJLQJ WRPDQ\ VHTXHQFH W\SHVZH DOVR IRXQG 
Klebsiella pneumoniae VHTXHQFH W\SHV 7KHmcr-1 JHQH
ZDVFDUULHGRQ,QF+,RU,QF3SODVPLGEDFNERQHV2XU¿QG
LQJ RI D KLJK UDWH RI0&5 SURGXFHUV RQ  SLJ IDUPV LQ
3RUWXJDO KLJKOLJKWV WKH GLႇXVLRQ RI WKDW FROLVWLQUHVLVWDQFH
GHWHUPLQDQWDWWKHIDUPOHYHO7KHIDFWWKDWWKHSLJVUHFHLYHG
FROLVWLQ DVPHWDSK\OD[LV LQ WKHLU IHHG GXULQJ WKH ZHHNV
EHIRUHVDPSOLQJVXJJHVWVVHOHFWLYHSUHVVXUH
7KH SURJUHVVLYH JOREDO LQFUHDVH RI DQWLPLFURELDO GUXJUHVLVWDQFH LQ (QWHUREDFWHULDFHDH LV ZRUULVRPH DQG
DGGLQJWR WKHFRQFHUQLV WKHUHFHQWGLVFRYHU\RI WKHSODV
PLGPHGLDWHG PRELOH FROLVWLQ UHVLVWDQFH 0&5 JHQHV
mcr-1DQGmcr-2127KHVHJHQHVHQFRGHSKRVSKRHWKD
QRODPLQHWUDQVIHUDVHVZKLFKDGGDSKRVSKRHWKDQRODPLQH
JURXS WR WKH OLSLG$RI WKH OLSRSRO\VDFFKDULGH OHDGLQJ WR
JUDPQHJDWLYHEDFWHULDUHVLVWDQFHWRSRO\P\[LQV36LQFH
LWV GLVFRYHU\ WKHmcr-1 JHQH KDV EHHQ LGHQWL¿HG DOPRVW
ZRUOGZLGHPRVWO\ LQ DQLPDO DQG HQYLURQPHQWDO VDPSOHV
3 DQG WR D OHVVHU H[WHQW LQ KXPDQ FOLQLFDO VDPSOHV 4
7KHmcr-1JHQHKDVRIWHQEHHQLGHQWL¿HGIURPEscherichia
FROLVWUDLQVUHFRYHUHGIURPSLJV35±80RUHUHFHQWO\WKH
mcr-2JHQHZKLFKVKDUHVQWLGHQWLW\ZLWKmcr-1KDV
EHHQLGHQWL¿HGIURPDVLQJOH(FROLLVRODWHUHFRYHUHGIURP
D SLJ LQ%HOJLXP 27KH JHQHWLF HOHPHQW UHODWHG WR WKH
mcr-2JHQHDQGSRVVLEO\LQYROYHGLQLWVDFTXLVLWLRQLVLQVHU
WLRQVHTXHQFH,6,6Ec69
7KHmcr-1JHQHKDVEHHQLGHQWL¿HGRQDODUJHYDULHW\
RISODVPLGVVXFKDV,QF,,QF;,QF+,,QF3,QF),,Q
F),,,QF),%DQG,QF<39107KHJHQHWLFFRQWH[WRIWKH
mcr-1 JHQHDOZD\V LQFOXGHV WKHmcr-1 FDVVHWWH DVSUHYL
RXVO\GHVFULEHG1112,QDGGLWLRQ,6$SOLVRIWHQIRXQG
XSVWUHDPRIWKHmcr-1JHQH,WKDVEHHQUHFHQWO\VKRZQWKDW
DVHFRQGFRS\RI,6$SOPD\EHIRXQGGRZQVWUHDPRIWKH
mcr-1JHQHWKHUHIRUHEUDFNHWLQJWKHNEmcr-1FDVVHWWH
DQG IRUPLQJ WKH FRPSRVLWH WUDQVSRVRQ 7Q6330 GHPRQ
VWUDWHGWREHIXQFWLRQDODQGUHVSRQVLEOHIRU WKH WUDQVSRVL
WLRQRImcr-11314
:HVSHFXODWHWKDWWKHHPHUJHQFHDQGIXUWKHUGLVVHPL
QDWLRQRI WKHmcr-1DQG2JHQHVRFFXUUHGIURPSLJVDQG
WKDW,6$SODQG,6Ec69UHVSHFWLYHO\ZHUHWKHPDLQJHQHWLF
HOHPHQWVLQYROYHGLQWKDWSURFHVV:HUHFHQWO\GHPRQVWUDW
HG WKDW0RUD[HOOD VSS DUH VRXUFHV RImcrOLNH HQFRGLQJ
JHQHV 150 SOXUDQLPDOLXP KDV EHHQ LGHQWL¿HG DV WKH
SURJHQLWRURIWKHmcr-2JHQH162IQRWHDOO0RUD[HOOD
VSS DUHZLGHVSUHDG LQ SLJV 17 WKXV DOORZLQJ VSHFXOD
WLRQWKDWWKHZKROHJHQHWLFSURFHVVWKDWRULJLQDOO\OHGWRWKH
HPHUJHQFHRIWKHmcr-OLNHJHQHVRFFXUUHGLQWKRVHDQLPDOV
:RUOGZLGHFROLVWLQLVZLGHO\XVHGLQYHWHULQDU\PHGL
FLQHIRUGL൵HUHQWSXUSRVHV LQFOXGLQJWUHDWPHQWRIHQWHULF
LQIHFWLRQVSURSK\OD[LVRUPHWDSK\OD[LV18DQGDVJURZWK
SURPRWHU LQ VHYHUDO FRXQWULHV 19'HVSLWH WKLV VHOHFWLYH
SUHVVXUH VWXGLHV UHSRUWLQJ LGHQWL¿FDWLRQ RI FROLVWLQUHVLV
WDQW (QWHUREDFWHULDFHDH LQ YHWHULQDU\ PHGLFLQH UHPDLQ
VFDUFHDOWKRXJKDQRYHUDOOORZSUHYDOHQFHRIWKRVHUHVLV
WDQWVWUDLQVZDVQRWLFHGLQ(XURSH8102021
7R HYDOXDWH WKHSUHYDOHQFH DQGJHQHWLF FKDUDFWHUL]D
WLRQRIFROLVWLQUHVLVWDQW(QWHUREDFWHULDFHDHRQSLJIDUPV
ZH SHUIRUPHG D SURVSHFWLYH HSLGHPLRORJLF VXUYH\ 7KH
VWXG\ZDVFRQGXFWHGLQ3RUWXJDOWKH¿IWKODUJHVWSRO\P\[
LQFRQVXPHULQ(XURSHZKHUHFROLVWLQLVKHDYLO\XVHGLQ
YHWHULQDU\PHGLFLQH22
0DWHULDOVDQG0HWKRGV
,VRODWHVDQG6XVFHSWLELOLW\7HVWLQJ
2QGD\LQ-XQHZHFROOHFWHGUHFWDOVZDEVDP
SOHV IURP SLJV RQ  SLJ IDUPV LQ 3RUWXJDO  NP DSDUW
7KHVH IDUPV KDUERULQJ|SLJV HDFK DUHSURGXFWLRQ
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KROGLQJVZKHUHSLJOHWVDUHERUQDQGIDWWHQHGEHIRUHEHLQJ
GHOLYHUHG WRVODXJKWHUKRXVHV 23$OOSLJVVDPSOHGZHUH
±ZHHNVRIDJH:KHQ WKHSLJVZHUH±ZHHNVRI
DJHWKHLUIHHGLQFOXGHGFROLVWLQDPR[LFLOOLQ
DQG]LQFR[LGH7KHZHHNO\GRVHRIFROLVWLQLQWKH
UHJLPHQZDV|JNJ2YHUDOODOOSLJVUHFHLYHG|J
FROLVWLQIRUPHWDSK\OD[LVRYHUZHHNV
:HLQFXEDWHGUHFWDOVZDEVDPSOHVRYHUQLJKWDW&
LQ /XULD%HUWDQL EURWK VXSSOHPHQWHG ZLWK  PJP/ FR
OLVWLQ7KHQH[W GD\ WR VHOHFW IRU FROLVWLQUHVLVWDQW JUDP
QHJDWLYHLVRODWHVZHLQRFXODWHGHDFKHQULFKPHQWWXEHRQWR
6XSHU3RO\P\[LQ VHOHFWLYH DJDU PHGLXP WKDW FRQWDLQHG
PJP/FROLVWLQDQGPJP/GDSWRP\FLQ(/,7HFK
*URXS6LJQHV)UDQFH 24:H LGHQWL¿HGFROLVWLQUHVLV
WDQW LVRODWHV UHFRYHUHG IURP6XSHU3RO\P\[LQSODWHVZLWK
$3, ( ELR0pULHX[ /D %DOPH OHV *URWWHV )UDQFH
:H SHUIRUPHG DQWLPLFURELDO GUXJ VXVFHSWLELOLW\ WHVWLQJ
E\XVLQJ WKHGLVNGL൵XVLRQPHWKRGDFFRUGLQJ WR&OLQLFDO
DQG/DERUDWRU\ 6WDQGDUGV ,QVWLWXWH UHFRPPHQGDWLRQV RQ
0XOOHU+LQWRQ DJDU SODWHV H[FHSW IRU FROLVWLQ IRUZKLFK
ZHHYDOXDWHG0,&VIRUFROLVWLQE\EURWKPLFURGLOXWLRQLQ
FDWLRQDGMXVWHG 0XOOHU+LQWRQ EURWK %LR5DG &UHVVLHU
6ZLW]HUODQGDVUHFRPPHQGHGE\WKH&OLQLFDODQG/DERUD
WRU\6WDQGDUGV,QVWLWXWH25
0ROHFXODU$QDO\VHV
$FTXLUHGFROLVWLQUHVLVWDQFHJHQHVmcr-DQGmcr-ZHUH
LGHQWL¿HGE\3&5ZLWKXVHRIVSHFL¿FSULPHUVDVUHSRUWHG
14DQGDPSOLFRQVZHUHIXUWKHUVHTXHQFHGE\0LFURV\QWK
%DOJDFK 6ZLW]HUODQG:H LGHQWL¿HG H[WHQGHGVSHFWUXP
EODFWDPDVH (6%/±HQFRGLQJ JHQHV E\ XVLQJ SULPHUV
VSHFL¿FIRUGHWHFWLRQRIEOD7(0EOD6+9DQGEOD&7;0JHQHV
26277KHSODVPLGERUQHFKORUDPSKHQLFROJHQHÀR5ZDV
VRXJKWE\XVLQJVSHFL¿FSULPHUV28DPRQJLVRODWHVH[KLE
LWLQJUHVLVWDQFHWRFKORUDPSKHQLFRO7KHFORQDOUHODWLRQVKLS
RI WKHFROLVWLQUHVLVWDQW LVRODWHVZDVHYDOXDWHGE\SXOVHG
¿HOGJHOHOHFWURSKRUHVLVDVGHVFULEHGSUHYLRXVO\29DQG
PXOWLORFXVVHTXHQFHW\SLQJZDVSHUIRUPHGIRUDUHSUHVHQ
WDWLYHVWUDLQRIHDFKSXOVRW\SH:HDVVLJQHGVHTXHQFHW\SHV
67V E\XVLQJ WKHPXOWLORFXV VHTXHQFH W\SLQJGDWDEDVHV
IRU( FROL KWWSPOVWZDUZLFNDFXNPOVWGEV(FROL DQG
K. pneumoniae KWWSELJVGESDVWHXUIUNOHEVLHOODNOHEVL
HOODKWPO7KHSK\ORJHQHWLFJURXSRI(FROLLVRODWHVZDV
GHWHUPLQHGZLWK WKH3&5EDVHG&OHUPRQWPHWKRG DV GH
VFULEHGSUHYLRXVO\30
&RQMXJDWLRQ([SHULPHQWVDQG3ODVPLG$QDO\VHV
:HSHUIRUPHGFRQMXJDWLRQDVVD\VRQ¿OWHUVZLWKD]LGHUH
VLVWDQW(FROL-DVWKHUHFLSLHQWVWUDLQ0&5SURGXFHUV
DQGWKH-LVRODWHZHUHFXOWXUHGRYHUQLJKWLQ/XULD%HUWDQL
EURWK7RUHDFKWKHORJDULWKPLFSKDVHWKHGRQRUDQGUHFLSL
HQW VWUDLQVZHUH VXEFXOWXUHG LQ IUHVK/XULD%HUWDQL EURWK
IRUK:HVXEVHTXHQWO\PL[HGWKHVDPSOHVDWDUDWLRRI
DQGGHSRVLWHGP/RIWKLVPL[RQWRPP¿OWHUV
ZKLFKZHWKHQLQFXEDWHGIRUKDW&RQ/XULD%HUWDQL
DJDUSODWHV$IWHUWKHLQFXEDWLRQ¿OWHUVZHUHUHVXVSHQGHG
LQ1D&ODQGZHSODWHGP/RIWKLVPL[WXUHRQWR
VHOHFWLYH /XULD%HUWDQL SODWHV FRQWDLQLQJ D]LGH  PJ
P/DQGFROLVWLQPJP/3&5ZDVXVHGWRFKHFNDOOE.
FROLWUDQVFRQMXJDQWVIRUWKHmcr-1JHQH
:H W\SHGSODVPLGVFDUU\LQJ WKHmcr-1 JHQH IURPE.
FROLWUDQVFRQMXJDQWVE\XVLQJWKH3&5EDVHGUHSOLFRQW\S
LQJPHWKRG317KHVL]HRIWKHSODVPLGZDVREWDLQHGDIWHU
.LHVHUH[WUDFWLRQ32DQGDJDURVHJHOHOHFWURSKRUHVLVZH
XVHGDVDUHIHUHQFH(FROLLVRODWHFRQWDLQLQJFKDU
DFWHUL]HGSODVPLGVNENENEDQGNE
5HVXOWV
)URPWKHUHFWDOVZDEVDPSOHVFROOHFWHGZHUHFRYHUHG
 FROLVWLQUHVLVWDQW LVRODWHV IURP WKH 6XSHU3RO\P\[LQ
DJDUSODWHVDQGLGHQWL¿HGDV(FROLDVK. pneumoni-
aeDQGDV3URWHXVPLUDELOLV2IWKHFROLVWLQUHVLVWDQW
LVRODWHVZHUHSRVLWLYHIRUWKHmcr-1JHQH&ROLVWLQ0,&V
IRUDOO0&5±SURGXFLQJLVRODWHVUDQJHGIURPWRPJ
P/7DEOH$PRQJWKHVHSRVLWLYHLVRODWHVVKRZHGDQ
(6%/SKHQRW\SH6HTXHQFLQJ UHYHDOHG WKDW DOOmcrSRVL
WLYH LVRODWHVSRVVHVVHGDJHQH WKDWZDVLGHQWLFDO WR
mcr-1.$OO0&5±SURGXFLQJ LVRODWHVSRVVHVVHG WKHEOD-
7(0 JHQH DQG DOO(6%/SURGXFHUV SRVVHVVHG WKHEOD&7;
0JHQH$OO0&5±SURGXFLQJ LVRODWHVZHUHUHVLVWDQW WR
SHQLFLOOLQVDQGWHWUDF\FOLQHZHUHUHVLVWDQWWRVXOID
PHWKR[D]ROHWULPHWKRSULPZHUHUHVLVWDQWWRWREUDP\
FLQDQGZHUHUHVLVWDQWWRFKORUDPSKHQLFRO$PRQJ
WKHFKORUDPSKHQLFROUHVLVWDQW LVRODWHVZHUHSRVLWLYH
IRUWKHÀR5UHVLVWDQFHJHQH1Rmcr-2±SRVLWLYHLVRODWHZDV
LGHQWL¿HGLQRXUVDPSOHV
3XOVHG¿HOGJHOHOHFWURSKRUHVLVLGHQWL¿HGGLVWLQFWE.
FROLFORQHVIURPWKH¿UVWIDUPVDPSOHGDQGIURPWKHVHF
RQG7DEOH7KHLVRODWHVEHORQJHGWR67V6767
6767676767DQGQHZ67VRQO\
67DQG67ZHUHGHWHFWHGRQERWKIDUPV3K\ORJH
QHWLFW\SLQJVKRZHGWKDWHDFK(FROLLVRODWHEHORQJHGWR
RIWKHSK\ORJURXSV$%&'(RU)1RH[WUDLQWHVWLQDO
DQGYLUXOHQW%SK\ORJURXSZDVGHWHFWHGDPRQJDOO(FROL
LVRODWHV,QDGGLWLRQZHLGHQWL¿HGK. pneumoniae67V
FORQHSHUIDUP67DQG67
&RQMXJDWLRQ IROORZHG E\ 3&5EDVHG UHSOLFRQ W\SLQJ
DQDO\VLVVKRZHGWKDWWKHmcr-1JHQHZDVFDUULHGRQGL൵HUHQW
SODVPLGV7DEOH7KHmcr-1JHQHZDVLGHQWL¿HGRQ,QF+,
,QF3DQG,QF;SODVPLGV&RQMXJDWLRQ
H[SHULPHQWV VKRZHG WKDW UHVLVWDQFH WR VXOIDPHWKR[D]ROH
WULPHWKRSULPDQGVXOIRQDPLGHVZDVV\VWHPDWLFDOO\FRWUDQV
IHUUHGDORQJZLWK WKHmcr-1 JHQHZKHQFDUULHGE\ ,QF+,
SODVPLGV DQG WKDW UHVLVWDQFH WR WHWUDF\FOLQH WREUDP\FLQ
FKORUDPSKHQLFRO DQGDPR[LFLOOLQZDV DOVRPRVWRIWHQ FR
WUDQVIHUUHGE\,QF3SODVPLGV7DEOH&RQYHUVHO\WKHmcr-1
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7DEOH*HQHWLFIHDWXUHVDVVRFLDWHGZLWK0&5±SURGXFLQJEscherichia coliDQGKlebsiella pneumoniaeLVRODWHVIURPSLJV3RUWXJDO
6WUDLQ 6SHFLHV
1R
SLJV 67 5HVLVWDQFHJHQHV
&ROLVWLQ
0,&
PJP/
,QFRPSDWLELOLW\
JURXSNERI
mcr-1 SODVPLGV 5HVLVWDQFHSKHQRW\SHÁ
*HQHWLF
FRQWH[WRI
mcr-1
)DUP        
 3 E. coli  67 bla&7;0bla7(0
mcr-1
 ,QF+,| 6;77(71$/$0;&7;701
68/
,,
 3 E. coli  67 bla&7;0bla7(0
mcr-1, floR
 ,QF+,| 6;77(7$0;&7;70168/ ,,
 3 E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| 6;77(7&+/$0;701*01
68/
,,
 3 E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| 6;77(7&+/$0;70168/ ,,,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 7(7&+/$0;70168/ ,,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 7(7&+/$0;70168/ ,,
 3 E. coli  67 bla7(0mcr-1  ,QF3| 7(7&+/$0;70168/ ,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 7(7&+/$0;70168/ ,,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 7(7&+/$0;701*01 ,,,
 3 E. coli  67 bla7(0mcr-1  ,QF+,| 7(7&+/$0;70168/ ,,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 7(7&+/$0;70168/ ,,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 7(7&+/$0;70168/ ,,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 6;77(7&+/$0;70168/ ,,
 3 E. coli  67 bla7(0mcr-1  ,QF;| 6;77(7$0;70168/ ,,,
 3 E. coli  67 bla7(0mcr-1  ,QF+,| 6;77(71$/&,3$0;701
68/
,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF+,a 6;77(7$0;70168/ ,,,
 3 E. coli  67 bla7(0mcr-1  ,QF3| 7(7$0;70168/ ,
 3 E. coli  1HZ67 bla7(0mcr-1  ,QF3| 6;77(7
&+/1$/$0;70168/
,,
 3 E. coli  67 bla7(0mcr-1  ,QF3| 6;77(7$0;70168/ ,
 3. K.
pneumoniae
 67 bla7(0mcr-1  ,QF3| 7(7$0;70168/ ,,
)DUP        
 % E. coli  67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(71$/&,3$0;7
0168/
,,,
 % E. coli  67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(71$/&,3$0;7
0168/
,,,
 % E. coli  67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(71$/&,3$0;7
0168/
,,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(71$/$0;701
68/
,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| &+/7(71$/&,3$0;701
68/
,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(7$0;70168/ ,,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF;| 6;7&+/7(7$0;70168/ ,,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(7$0;70168/ ,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(7$0;70168/ ,,,
 % E. coli  67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(7$0;70168/ ,,,
 % E. coli  67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(7$0;70168/ ,,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF;| 6;7&+/7(71$/$0;701
68/
,,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(7$0;70168/ ,,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF+,| &+/7(71$/$0;70168/ ,9
 % E. coli  67 bla7(0mcr-1, floR  ,QF3| 6;7&+/7(71$/$0;701
68/
,,
 % E. coli  1HZ67 bla7(0mcr-1, floR  ,QF3| 6;7&+/7(71$/$0;701
68/
,,,
 %. K.
pneumoniae
 67 bla7(0mcr-1, floR  ,QF+,| 6;7&+/7(7$0;70168/ ,
2QO\VWUDLQVUHSUHVHQWDWLYHRIHDFKSXOVHGILHOGJHOHOHFWURSKRUHVLVFORQDOOLQHDJHDUHOLVWHG$0;DPR[LFLOOLQ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
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67VZHUHLGHQWLILHGZLWKWKH:DUZLFN8QLYHUVLW\GDWDEDVH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%HFDXVHWKLVGDWDEDVHDFFHSWVRQO\ZKROHJHQRPH
VHTXHQFLQJGDWDWRVXEPLWQHZ67VDOOQHZ67VIRXQGZHUHQRWLILHGDV1HZ67[
Á8QGHUOLQLQJLQGLFDWHVFRUHVLVWDQFHVSURYLGHGE\WKHSODVPLGFDUU\LQJmcr-1
'LIIHUHQWJHQHWLFHQYLURQPHQWVGHWHFWHGE\3&5DVVKRZQLQWKH)LJXUH
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JHQHZDV WKHRQO\UHVLVWDQFHGHWHUPLQDQWZKHQORFDWHGRQ
,QF;SODVPLGV2IQRWH,QF3W\SHSODVPLGVFDUU\LQJmcr-1
ZHUH SUHGRPLQDQW RQ WKH¿UVW IDUPZKHUHDV ,QF+,SODV
PLGVZHUHSUHGRPLQDQWRQWKHVHFRQGIDUP
%\ 3&5 PDSSLQJ XVLQJ SUHYLRXVO\ SXEOLVKHG SULP
HUV1213LQDOOLVRODWHVZHLGHQWL¿HGWKH|NEmcr-1
FDVVHWWH LQ DVVRFLDWLRQZLWK  RU FRSLHVRI LQVHUWLRQ
VHTXHQFH,6$SOGHSHQGLQJRQWKHLVRODWHVWHVWHG7DEOH
)LJXUH,QDGGLWLRQZHIRXQGDJHQHWLFVWUXFWXUHQRWSUH
YLRXVO\UHSRUWHG LQ LVRODWH WKDWFRQVLVWHGRID WUXQFDWHG
,6$SOHOHPHQWXSVWUHDPRIWKHmcr-1FDVVHWWH7KDWVWUXF
WXUH LQVHUWHG LQWRDNLQDVHJHQHRQWRDQ,QF+,SODVPLG
FRUUHVSRQGHGWRDWUXQFDWHGYHUVLRQRIWUDQVSRVRQ7Q6330
SUHYLRXVO\UHSRUWHGZLWKDES$*GLUHFWUHSHDWEUDFNHW
LQJWKH¨ ,6$SOmcr-1VWUXFWXUHVXJJHVWLQJDIRUPHULQVHU
WLRQHYHQWWKURXJKDWUDQVSRVLWLRQPHFKDQLVP)LJXUH
'LVFXVVLRQ
3UHYDOHQFH RI 0&5±SURGXFLQJ (QWHUREDFWHULDFDH LVR
ODWHV PDLQO\( FROL IURP  SLJ IDUPV LQ 3RUWXJDO ZDV
KLJK 6R IDU WKHmcr-1 JHQH KDV EHHQ LGHQWL¿HG PDLQO\
LQ DQLPDO VDPSOHV UDUHO\ LQ HQYLURQPHQWDO DQG KXPDQ
VDPSOHV3433±363UHYLRXVVWXGLHVGHVFULEHWKHRFFXU
UHQFHRI0&5SURGXFHUVLQVZLQHSUHYDOHQFHLQ(XURSH
UDQJHG IURP WR  683637 DQG LQ&KLQDXS
WR1,QRXUVWXG\ZHGHWHFWHGDQH[WUHPHO\KLJK
UDWHRI0&5±SURGXFLQJ(QWHUREDFWHULDFHDH¿QGLQJWKH
mcrJHQHLQLVRODWHVIURPRISLJVWHVWHG:HLGHQWL
¿HGDQ0&5±SURGXFLQJK. pneumoniaeDPRQJWKHSLJV
ZKLFK LV QRWHZRUWK\ FRQVLGHULQJ WKH LQIUHTXHQW UHFRYHU\
RIK. pneumoniaeIURPDQLPDOV1HYHUWKHOHVVPRVWRIWKH
mcr-1±SRVLWLYHLVRODWHVLGHQWL¿HGKHUHZHUH(FROLDVLVUH
SRUWHGLQPRVWHSLGHPLRORJLFVWXGLHV3)RUWKHVDPHSLJV
WKDW KDG EHHQ VFUHHQHG E\ QDVDO VZDEV IRUPHWKLFLOOLQ
UHVLVWDQW 6WDSK\ORFRFFXV DXUHXV WKH UDWH RI FRORQL]DWLRQ
ZDV YHU\ KLJK  PDLQ spa W\SHV RI FORQH 67
ZHUHLGHQWL¿HG23
2XUVWXG\ZDVSHUIRUPHGZLWKVDPSOHVIURPSLJVDQG
LWZRXOGEHRILQWHUHVWWRFRQGXFWVLPLODUVWXGLHVRIKXPDQV
,Q)UDQFHDVXUYH\SHUIRUPHGLQDKRVSLWDOGXULQJ)HEUX
DU\±0D\38VKRZHGDKLJKUDWHRIIHFDOFDU
ULDJHZLWKLQWULQVLFFROLVWLQUHVLVWDQWJUDPQHJDWLYHLVRODWHV
EXWDORZUDWHRIDFTXLUHGSRO\P\[LQUHVLVWDQFHQR
mcr-1RUmcr-2JHQHVZHUHLGHQWL¿HG$UHWURVSHFWLYHVWXG\
IRFXVLQJRQ6DOPRQHOODLVRODWHVZDVSUHYLRXVO\SHUIRUPHG
LQ3RUWXJDODQG0&5SURGXFHUVZHUHUHSRUWHGO\IRXQG
LQ KXPDQV DQG SRUN 39 1R0&5±SURGXFLQJ LVRODWH
ZDV LGHQWL¿HG LQ RXU VWXG\ DOWKRXJK WKLV JHQHZDV DOVR
LGHQWL¿HGLQSLJV2
:HXVHGWKHQHZO\GHYHORSHG6XSHU3RO\P\[LQPH
GLXP IRU RXU SURVSHFWLYH HSLGHPLRORJLF VWXG\7KH IDFW
WKDW QR FROLVWLQVXVFHSWLEOH VWUDLQ ZDV UHFRYHUHG GXULQJ
WKH VFUHHQLQJ IXUWKHU KLJKOLJKWV WKH H[FHOOHQW VSHFL¿FLW\
RIWKLVPHGLXP
8QH[SHFWHGO\ZHIRXQGWKDWWKHVWXGLHGFROOHFWLRQRI
0&5SURGXFHUVZDVKLJKO\GLYHUVHZHLGHQWL¿HGPDQ\
67VDQGJHQHWLF IHDWXUHVDVVRFLDWHGZLWKmcr-17KH UDWH
RImcr-1LQRXUVWXG\ZDVYHU\KLJKDQGFDXVHGE\WKHGLV
VHPLQDWLRQ RI QHLWKHU D VLQJOH FORQH QRU D SODVPLG 7KLV
KLJKGLYHUVLW\FRXOGEHH[SODLQHGE\NH\HOHPHQWV)LUVW
FRQVLGHULQJ WKDW WKH VHOHFWLYHSUHHQULFKPHQWZLWK/XULD
%HUWDQLEURWKVXSSOHPHQWHGZLWKPJP/RIFROLVWLQDQG
VXEVHTXHQWFXOWXULQJRQWKH6XSHUSRO\P\[LQPHGLXPH[
KLELWV D KLJK VHQVLWLYLW\ VXFK D SURVSHFWLYH VXUYH\ PD\
GHWHFWKLJKHUUDWHVRIFROLVWLQUHVLVWDQWLVRODWHVWKDQZRXOG
SUHYLRXVVWXGLHV6HFRQGWKHSUHVHQFHRIFROLVWLQLQWKHSLJ
IRRGRQWKHIDUPVVWXGLHGSUREDEO\UHSUHVHQWVDQH൶FLHQW
VHOHFWLYHSUHVVXUHIRU0&5DFTXLVLWLRQ)LQGLQJVRIVLPL
ODUDQGFRPSDUDWLYHVWXGLHVSHUIRUPHGLQFRXQWULHVWKDWGR
QRWXVHSRO\P\[LQVLQDQLPDOVVXFKDV1RUZD\RU)LQODQG
ZRXOGEHRILQWHUHVW
6HYHUDO67VRI(FROLLGHQWL¿HGLQWKLVVWXG\ZHUHVLP
LODU WR WKRVHRIRWKHU0&5±SURGXFLQJ LVRODWHV UHSRUWHG
IURPRWKHUVWXGLHV$VDQH[DPSOH67(FROLSURGXFLQJ
)LJXUH*HQHWLFHQYLURQPHQWV
DVVRFLDWHGZLWKWKHmcr-1
PRELOHFROLVWLQUHVLVWDQFH
JHQHGHWHFWHGLQVHOHFW
EnterobacteriacaeLVRODWHVIURP
SLJV3RUWXJDOE\3&5,FRS\
RI,6Apl1DVVRFLDWHGZLWKmcr-1
LQƍUHJLRQ,,FRSLHVRI,6Apl1
LQƍDQGƍUHJLRQVRImcr-1,,,
QRFRS\RI,6Apl1DVVRFLDWHG
ZLWKmcr-1,9WUXQFDWHGFRS\
RI,6Apl1DVVRFLDWHGZLWKmcr-1
LQƍUHJLRQLQVHUWHGLQDNLQDVH
JHQH,6LQVHUWLRQVHTXHQFHorf
RSHQUHDGLQJIUDPH
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0&5ZDVUHFRYHUHGIURPVZLQHIDUPVLQ*HUPDQ\DQG
LQ FOLQLFDO VDPSOHV LQ ,QGLD DQG 6RXWK $IULFD 61140
,Q6RXWK$IULFD67(FROLZDV LGHQWL¿HGIURPDSD
WLHQWZLWKDXULQDU\WUDFWLQIHFWLRQ1167(FROLZDV
LGHQWL¿HGDWDKRVSLWDOLQ&KLQDDQGLQDPXVFRY\GXFNLQ
&KLQDZKHUHLWZDVFRSURGXFLQJ0&5DQG1'01HZ
'HOKLPHWDOOREODFWDPDVH±FDUEDSHQHPDVH4142:H
VKRZHG WKDWDOO(FROL LVRODWHVEHORQJHG WRDFRPPHQVDO
SRSXODWLRQ DQG QRW WR H[WUDLQWHVWLQDO SDWKRJHQLF VWUDLQV
ZKLFKLVFRQVLVWHQWZLWK¿QGLQJVRIRWKHUVWXGLHV3DQGLQ
OLQHZLWKWKHGHVLJQRIRXUVWXG\ZKLFKZDVDQDO\]LQJWKH
FRORQL]LQJJXWÀRUD
:HVKRZHGWKDWWKHmcr-1JHQHZDVFDUULHGE\DGL
YHUVLW\ RI SODVPLGV+RZHYHUPRVW SODVPLGV UHFRYHUHG
IURPWKH¿UVWIDUPZHUH|NE,QF3SODVPLGVZKHUHDV
WKRVH IURP WKH VHFRQG IDUPZHUH|NE ,QF+, SODV
PLGV2QO\67VSRVVHVVHGD|NE,QF;SODVPLGFDU
U\LQJWKHmcr-1JHQHZKLFKFRQWUDVWVZLWKRWKHUVWXGLHV
WKDWKDYHVKRZQWKLV W\SHRISODVPLG WREHSUHGRPLQDQW
43 ,Q DFFRUGDQFH ZLWK ZKDW KDV EHHQ REVHUYHG ZLWK
RWKHU FKDUDFWHUL]HG ,QF; SODVPLGV ZH IRXQG QR RWKHU
UHVLVWDQWGHWHUPLQDQWDVVRFLDWHGZLWKmcr-1RQWKDWSODV
PLG W\SH ,QF3DQG ,QF+,SODVPLGVFDUULHGRWKHU UHVLV
WDQFH GHWHUPLQDQWV DVVRFLDWHG ZLWKmcr-1 5HPDUNDEO\
ZHIRXQGQR,QF,W\SHSODVPLGFDUU\LQJmcr-1LQWKRVH
LVRODWHVDOWKRXJKWKH\KDYHRIWHQEHHQUHSRUWHGLQWKHOLW
HUDWXUH13
$QDO\VLV RI WKH JHQHWLF IHDWXUHV DVVRFLDWHG ZLWK WKH
mcr-1JHQHIXUWKHUKLJKOLJKWVWKDWLWZDVSUREDEO\RULJLQDO
O\DFTXLUHGE\DWUDQVSRVLWLRQPHFKDQLVPDQGWKDW,6$SO
SOD\HGDPDMRUUROHIXUWKHUWUXQFDWLRQVRUUHDUUDQJHPHQWV
OHG WR WKH VWDELOL]DWLRQ RI WKLV VWUXFWXUH DV VXJJHVWHG E\
6QHVUXGHWDO44:HDOVRLGHQWL¿HGWKHHQWLUHFRPSRVLWH
WUDQVSRVRQ7Q6330FRPSULVLQJFRSLHVRI,6$SOEUDFNHW
LQJWKHmcr-1FDVVHWWH13%HFDXVHWKLVHQWLUHWUDQVSRVRQ
ZDVGHWHFWHGLQVRPHLVRODWHVRIWKLVFROOHFWLRQLQDGGLWLRQ
WRRWKHUGHIHFWLYHYHUVLRQVRILWZHFDQVSHFXODWHWKDWWKLV
VWUXFWXUHPD\VWLOOEHPRELOL]DEOHDQGFRQWLQXHWRGLVVHPL
QDWHEHWZHHQGL൵HUHQWJHQHWLFORFDWLRQV
,QVXPPDU\WKHUDWHRISLJFRORQL]DWLRQZLWK0&5±
SURGXFLQJ(QWHUREDFWHULDFHDHZDVKLJKDWWKHIDUPVZH
VDPSOHGVKRZLQJVXEVWDQWLDOGLYHUVLW\RIVSHFLHVFORQDO
LW\DQGJHQHWLFDVSHFWV(YHQLIWKHVHUHVXOWVVXJJHVWWKDW
FROLVWLQFRQVWLWXWHVDPDMRUGULYLQJIRUFHIRUVHOHFWLQJSODV
PLGVFDUU\LQJWKHmcr-1JHQHWKHRFFXUUHQFHRIWKHEOD7(0
JHQHRQ WKHVDPHSODVPLG LQGLFDWHV WKDWEODFWDPVPLJKW
DOVREHFRVHOHFWLQJIRUFROLVWLQUHVLVWDQFHWKURXJKWKHDF
TXLVLWLRQRIVXFKSODVPLGV,QDGGLWLRQWKLVVWXG\VKRZHG
WKDW6XSHU3RO\P\[LQLVDQH൶FLHQWPHGLXPIRUVFUHHQLQJ
FROLVWLQUHVLVWDQW LVRODWHV IURP DQLPDO VDPSOHV DQG SHU
IRUPLQJ VXFK HSLGHPLRORJLF VXUYH\V /DVW FRQVLGHULQJ
WKDW D UHFHQW UHSRUW IURP *HUPDQ\ LGHQWL¿HG SLJ IDUPV
DV SRWHQWLDO VRXUFHV RI HQYLURQPHQWDO FRQWDPLQDWLRQ IRU
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